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ALTITUDE -WIND - TUNNEL INVESTIGATION OF PERFORMANCE 

CHARACTERISTICS OF A J47D PROTOTYPE (RX1- l ) TURBOJET ENGINE 

lUTE FIXED - lillEA E.l[HAUST _ OZZLE 

By M. J . Saari and J . T. Wintler 

S1MIJ.ARY 

An investigation has been conducted in the NACA Lewis altitude wind 
tunnel to determine the over -all performance of a prototype model of t he 
J47D (RX1 - l ) turbojet engine oper ating with a fixed - area exhaust nozzle . 
Data were obtained for a range of engine speeds at altitudes f r om 5000 to 
55 , 000 feet and flight Mach number s from 0 .18 to 0 . 71 . The per f ormance 
data were gener alized by sever al methods to determine the r ange of flight 
conditions for which performance could be predicted from data obtained at 
a given flight condition. 

Genere.lized engine performance data indicated t hat data obtained 
at a given altitude and fli ght Mach number could be used to predict 
net thru.st for alt itudes up to 55, 000 feet at all corrected engine 
s-peeds , air flO1" for altitudes up to 45 , 000 feet wi t h r eas onable accuracy 
over mos t of the corrected engine s peed r ange , and performance variables 
c1.e pendent on fuel flow for altitudes up t o 35 , 000 feet wi th minimum 
error at high correct ed engine speeds . Generalization of engine -per
formance in ternm of pumpin charact eristics indicated that data 
obtained at one fl i e;ht cond ition could be used t o pred.ict jet thr ust 
and specific fuel consumption at another flight condition wit hin a 
r e l ativel.y "T10.8 range of altitude, flight Mach number, and engine 
total -temperature r atios . 

A minimum specific fuel consumption of l.05 was obtained at an 
engine s peed of 6600 ~m for altitudes from 6000 t o 35 , 000 feet at a 
fJight 1v:ach number of 0 .18. An increase in f l ight Mach number from 
0 . 18 to 0 .71 at an altitude of 25, 000 feet r aised the minimum s pecific 
fuel consumpt i on from 1 . 05 to 1 . 27 and these values occurred at engine 
s-peeds of 6600 and. 7300 rpm, r espectively . The increase in exhaust - gas 
temperature and the resultin~ r ed.uct ion in temperature- limited. engine 
speed, which occurred "rith an increase in a.ltitude , indicated the need 
for a variable - area exhaust nozzle for operation at rated engine speed 
at hi@l altitudes and low flight Mach numbers . 
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INTROruCTION 

An investigation was conducted in the NACA Lewis altitude wind 
tunnel to evaluate the performance of a J47D prototype (RX1-l) turbojet 
engine and its integrated electronic control with and without exhaust 
reheat under steady-state and transie.nt operating conditions. As part 
of the over-all program, data on engine ~erformance, component perform
ance, and operational character istics' Vere obtained with fixed- and 
variable-area exhaust noz zles. The performance of a J47D (RX1-l) 
engine operating with a fixed-area exhaust nozzle is presented .herein. 

The variation of engine performance variables with engine speed 
is shown graphically for simulated altitudes from 6000 to 55,000 feet 
at a flight Mach number of 0 .18 and for flight Mach numbers from 0.18 
to 0.71 at an altitude of 25,000 feet. Performance data are gener
alized to determine the suitability of correction factors for predict
ingengine performance over a range of flight conditions from data 
obtained at a given flight condition. Generalization in terms of 
engine pumping characteristics is also presented. All performance data 
obtained in this investigation are presented in tabular form. 

APP.ARATOS 

Engine 

The J47D (RX1-l) engine used in the altitude-wind-tunnel investi
gat ion has no official manufacturer's ratingj however it has a minimum 
sea-level static-thrust rating (with the afterburner not operating) of 
5700 pounds at an engine speed of 7950 rpm and a turbine-outlet 'exhaust~ 
gas temperature of 12750 Fj at this rating the engine air flow is approx
imately 99 pounds per second The engine has a twelve-stage axial-flow 
compressor with a pressure ratio of about 5.1 at rated engine speed, 
eight cylindrical direct-flow-type combustion chambers, and a single
stage impulse turbine. For these tests a fixed-area exhaus·t nozzle was 
used . The exhaust nozzle used in this investigation has an outlet area 
of 285 .5 square inches, which produces a turbine-outlet temperature of 
12750 F at an altitude of 5000 feet, a flight Mach number of 0.18, and 
an engine speed of 7950 rpm. The over-all length of the engine without 
the exhaust nozzle is 143 inches, the maximum diameter is approximately 
37 inches, and the total weight is 2475 pounds. 

Installation 

The engine was mounted on a wing in the tunnel test section 
(fig. 1). Dry refrigerated air was supplied to the engine from the 
tunnel make-up air system through a duct connected to the engine 
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inlet. Engine thrust and drag measurements by the tunnel balance scales 
were made possible by a frictionless slip joint located in the duct 
upstream of the engine . The air flow through the duct was throttled 
from approximately sea-level pres~ure to a total pressure at the engine 
inlet corres ponding to the desired flight Mach number at a given 
a ltitude . 

Irmtrumentation for measuring pressures and t emperatures was 
installed at various stations in t he engine (fi g . 2). 

PROCEDURE 

Engine performance data were obtained over a range of engine speeds 
B.t the follry,ring altitudes and flight Mach numbers: 

Altitude 
(ft. ) 

5 , 000 
6,000 

15, 000 
25 , 000 
35 , 000 
45, 000 
55 , 000 

Flight Mach number 

0 . 18 
. 18 

. 18, . 51 
. 18 , . 51, . 71 

.1S 

. 18 

. 22 

Complete ram pressure recovery at t he compressor inlet was assumed in 
the calculation of flight Mach number . Engine inlet-air temperatures 
.Tere held at a ppr oximately NACA standard values for each flight con
dition except for altitudes above 25 , 000 feet where the lm.est englne 
inlet -air temperature obta ined was about 4360 R. Fuel conforming to 
specification VJL-F- 5624 (AN -F-5Sa)~with a ~ower heating value of 
18 , 900 Btu per pound , was used throughout the investigation. 

Thrust values were calculated from both the tunnel balance-scale 
measurements and from values of gas flow and jet velocity obtained from 
measurements by the exhaust -nozzle-outlet survey rake. The exhaust
nozzle j et coefficient, defined as the ratio of scale jet thrust to 
rake jet thrUBt , is presented as a function of exhaust-nozzle pressure 
ratio in figure 3. The engine performance presented herein is based 
on thrust values obtained from scale measurements inasmuch as this 
method inclu.des the thrust losses resulting from the inefficiency of 
the exhaust nozzle. Symbols and methods of calculations are given in 
appe~~ixcs A and B, respectively. 
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RESULTS ~~ DISCUSSION 

All the data obtained in the performance investigation of the engine 
are compiled in table I. Inasmuch as engine inlet -air temperatures 
belmr 4360 R were not obtained and because small errors occurred in 
setting the tunnel s t atic pressure , the data presented graphically in 
nongeneralized f orm have been adjusted to NACA standard altitude con
ditions by use of the factors 0a and ea' (See appendix A . ) 

Effect of altitude . - Engine performance data at altitudes from 
6000 to 55,000 feet at a flight Mach number of approximately 0.18 are 
pr esenteo_ i n figure 4 to show the effect of variations in altitude on 
net thrust , air flow, fuel flovT, specific fuel consumption, fuel -air 
ratiO, and eXhaust-gas total temperature. 

As the altitude was increased, engine net thrust, air flow, and 
fuel fl~v decreased (figs . 4 (a) to 4 (c)). The specific fuel consumption 
was not Significantly affected by a change in altitude from 6000 to 
35 ,000 feet at engine speeds above 6200 rpm (fig . 4(d) ). A minimum 
specifi c fuel COI1.Bumption of 1.05 pounds of fuel per pound of net thrust 
was obtained at an engine speed of about 6600 rpm for altitudes from 
6000 to 35 , 000 feet . At an altitude of 55,000 feet , the minimum spe
cific fuel consumption increased to 1.27 and occurred at an engine speed 
of 6800 r pm . This incr ease in specific fuel consumption is attributed 
to a reduction in component efficiencies and partly to the higher flight 
Mach number at which data were obtained at an altitude of 55,000 feet . 
In general, the fuel-air ratio increased with an increase in altitude 
(fig. 4(e) ). 

The exhaust - gas total temperature (fi g . 4(f)) was not greatly 
affected by an increase in altitude from 6000 to 25 ,000 feet at engine 
speeds above approxi mately 7200 rpm . The slope of the temperature 
curve increased with a change in alt itude from 6000 to 35,000 feet, 
however, so that the t emperature generally tended to increase at high 
engine s peeds and decrease at 10'" engine speeds as altitude was 
increased . A further increase in altitude from 35,000 to 55,000 feet 
resulted in an increase in exhaust - gas total temperature at each engine 
speed . Inasmuch as engine - inlet temperatures were higher than for NACA 
standard a ltitude conditions at the higher altitudes, the adjusted 
exhauBt - gas temperatures do not extend to the limiting temperature line. 
Extrapolation of the data indicates, however, that an increase in , 
altitude from 6000 to 25,000 feet would reduce the temperature-limited 
engine speed from approximately 7920 to 7780, whereas a further increase 
in altitude to 55 , 000 feet would reduce the temperature-limited speed 
to about 7100 r pm . Obviously at high altitudes and low flight Mach 
numbers a variable -area exhaust nozzle is re~uired in order to maintain 
r ated engine speed without exceeding present exhaust-gas temperature 
limits. 
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Effect of flight Mach number. - Engine performance data for flight 
Mach numbers from 0.18 to 0.71 at an altitude of 25,000 feet are pre
sented in figure ;) to shmT the effect of variations in fLight Mach 
number on engine net thrust, air flow, fuel flow, specific fuel con
sumption, fuel-air ratio) and exhaust-gas total temperature. 

At low engine speeds, the ne~ thrust decreased with an increase 
in flight Mach number (fig. 5( a» • The rate of increase of net thrust 
with engine speed became greater, however, as flight Mach number was 
raised so that at high engine speeds the net thrust increased with 
flight Mach number. The engine air flOlf (fig . 5(b » increased with 
an increase in flight Mach number at all engine speeds. An increase 
in flight Mach number reduced the engine fuel flow (fig .' 5( c» at 
engine speeds below 6000 rpm and increased the fuel flow at higher 
engine speeds. Specific fuel consumption (fig . 5(d» increased with 
an increase in flight Mach number at all engine speeds. The minimum 
specific fuel consumption increased from l. 05 at a flight Mach number 
of 0.18 to 1.22 at a flight Mach number of 0.51 and occurred at engine 
speeds of 6600 and 7000 r pm, respectively . A further increase in flight 
Mach number to 0 .71 increaoed the minimum specific fuel consumption to 
1.27 and occurred at an engine speed of 7300 rpm. Extrapolation of the 
data indicates that at temperature-limited engine speed, an increase in 
flight Mach number from 00 18 to 0 . 51 would increase the specific fuel 
consumption from about 1.15 t, 1.30, whereas a further increase in 
flight Mach number to 0 .71 would r aise the specific fuel consumption to 
about 1.32. Engine fuel-air r atio (fi g . 5 (6») was r educed at all engine 
s peeds by an increase in fl i ght Mach number . The exhaust - gas total 
t emperat ure (fig . 5(f ) decreased with an increas e in flight Mach number 
at all engine s peeds but the effect was small in the high engine-speed 
range. The temperature-limited engine s peed increased from 7850 rpm 
at a flight Mach number of 0 . 51 to 7920 rpm at a flight Mach number 
of 0 . 7l. 

Generalized performance. - Performance dat a for altitudes from 6000 
to 55 , 000 feet and a flight Mach number of 'approximately 0 . 18 have been 
generalized to standard sea-leve l conditions by use of the correction 
factors a and 9 . (See a ppendix A. ) The derivation of these factors 
(reference 1) does not account for the effect of f light Mach number or 
for changes in component efficiencies such as those as soc i ated. with 
variations in Reynolds number s . Consequent ly, any changes in f l ight 
Mach number or component efficienci es lessen the possibi l ity of defining 
engine performance variables obta i ned at various a ltitudes by a single 
curve . 

}i,nsi no perforrnance data obtained at a l t itudes f r om 6000 to 
r-5 , 000 feet a:nd a flight ~~ ach nu..mber of approximat el y 0 . 18 ar e 'pr es ented 
in figure 6 t o show the effect of altitude on the relation bet'Heen 

CONFillENTIAL 



6 CONE'IDENTIi'-,L NACA RM E5lB06 

correcteo_ engine spe ed and correct eo_ va l ues of net thrust , air flm.; , 
f ue l flo" , s peci fi c f ue l cOIlSmnption, fue l - air r atio, and exhaust-gas 
total t emper ature . 

Corrected net thrust (fig . 6(a)) reduced to a single curve for 
the entire range of a l titudes and corrected engine speed s investigated. 
The corrected engine air flows (fig. 6(b)) formed a single curve f or 
alt i tudes up to 45 , 000 feet at engine speeds up t o 6300 rpm and 
decreased with an increase in a l titude above 15,000 fee t at higher 
engine speeds. Corrected air f lows at an altitude of 55,000 feet were 
scattered and were inconsistent with the other altitudes because of 
smal l variations in flight Mach number fr om one engine speed to 
another and because the average fli ght Mach number was higher than that 
f or t he data obtained at the other altitudes. Corrected fuel flow 
(fig . 6(c)), corrected specific fuel consumpt i on (fig. 6(d)), cor
rected fuel-air ratio (fig . 6 (e)), and corrected exhaust-gas total 
temperature (fig. 6(f)) formed a single curve for a l titudes of 6000 
and 15,000 feet and also for alt i tudes of 25,000 and 35,000 feet over 
most of the r ange of corrected engine speeds. With these exceptions) 
each of the generalized variab les dependent on fuel fl ow increased with 
an increase in altitude, which i ndicates a r eduction in engine com
ponent effic iencies . Thus, a gener alization of individual performance 
variables indicates that data obtained at a given alt itude and flight 
Mach number could be used to predict (1) ~et t hrust for altitudes up 
to 55 , 000 feet at all corrected engine speeds, (2) air flows for alti
t udes up to 45,000 feet with reasonable accuracy over most of the 
engi ne-speed range, and (3) fuel-flow and performance variab l es depend
ent on fuel flow for altitudes up to 35,000 feet with minimum error at 
high corrected engine speeds . 

Generalization in terms of pumping characteristics . - Engine 
performance may be generalized in terms of the over- all engine total
temperatu.re ratio and total-pressure rat i O, " h ich define the over-all 
change in available ener gy of t he air flm,ing throug..lJ. the engine. 
Changes in component efficiencies ,vith altitude lessen the possibility 
of reducing data to a s ingle curve . 

Within the range of fl i ght conditions where the relation between 
engine total -pressure ratio and engine total-temperature ratio is 
defined by a single line, data obtained at one flight condition can 
be used to det ermine the exhaust-gas total pressure at another flight 
condition for a given value of exhaust-gas total temperature. Conse
quent ly, jet thrust can be calculated from equation (7) or (9) 
(appendix B). 

The variation of engine total-t emperature ratio with engine total
pressure r atio is shm~ in figure 7(a) for altitudes from 6000 to 
55 , 000 feet at a flight Mach number of approximately 0 .18 and in 
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figure 7 (b ) for flight Mach numbers from 0 . 18 to 0 . 71 at an altitude of 
2S , OOO feet . Engine total - temperature ratios fonned a single curve f or 
all engine -pr ess ure ratios investigated a t altit"cldes from 6000 to 
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35,000 fee t . AIl i ncreas e in altitucLe above 35 , 000 feet increa s ed the 
total - t em.perature ratio at each value of total - press ure ratio (fi g . 7 ( a)). 
Engine tot a.t - tcmperature ratios for flight Mach numbers from 0 . 18 to 
0 . 71 for med a single curve at engi ne tempe r at ure ratios above 2 . 30 
(fic: . 7 (b) ). Thus , data obta:i.ned at one fl'i.gtlt condit:i.on can be used 
to 'predict .jet thrmt at another fHght condit ion \·,ithin the following 
r 8.n:ies of o 'gerating conditions : (1) altHudes up to 25, 000 feet a t 
~ liEJ1t Mach TIlc..mbers from 0018 to 0 071 Em.d engine total-temperature 
r a tios above 2 . 30, and (2) altHudos up to 35 , 000 feet at a flight 
Ivlach number of 0 . 18 and engine total - temperature ratios above 2 . 80 . 
(Data were not obtained at Mach number s above 0 . 18 or temperature 
r a tios below 2 . 80 at an altitude of 35 , 000 ft.) 

Another method of presentine engine p'Lmrping characteristics is 
sh01m in figure 8 where t he en gine t otal - pressure and total- tem:;>erature 
r a tios are plotted as functions of corr ected fuel flm, for altitudes 
from 6000 to 55 , 000 feet at a :'light Mach number of a pproximately 0 . 18 
(fie . 8 ( a )) and for flight Mach numbers from 0 . 18 to 0 . 71 at an altitude 
of 25 , 000 feet (fi g . 8 (b )). In order to account for the rise in tota l 
pressur e and temperature at the compressor inlet with an increase in 
f li{?')1t Mach nUlnber and thereby eliminate the dispersion of d a ta obtained 
a t d ifferen t fl i ent Mach numbers , t h e f uel flow was corrected by the 
factors 0T and BT, which are bas ed on total pressure and total t emper -

ature at the c ompressor inlet , res pectively , and are defined in 
appendix A. PredictiolW of engine performance from one flieht condi 
tion to another are valid only within t he range of flight and en gine 
operating condit i ons at .,h i ch both the total - pressure and total
temperature r atios f orm a single line . 

Thus) the dat a pr esented in fi gure s 6 (a) and 8 (b ) i ndica t e tha t the 
jet thrust and specif'ic fuel consumption can be predicted within t he 
follmvin g ranges of operating conditions : (1) altitudes up to 
25 , 000 feet at flight :Mach numbers from 0 . 18 to 0 . 71 and engine total
t empereture ratios above 2 . 30 , (2 ) a ltitudes up to 25,000 feet at 
flient Mach DU11l-bers from 0 . 51 to 0 . 71 and engine total - temperature 
rat i os above 2 . 00, and (3 ) altitudes up to 35, 000 f eet at a flight 
Mach number of 0 . 18 and engine total - temperature ratios above 2 . 80 . 
The limitations imposed on the third operating range result from the 
lack of data to substantiate the validity of performance predictions 
a t higher f light Mach numbers and lower engine total - teru}.lerature 
ratios . The red.uctions in total - pressure and -temperature r a tios for 
cons tant fuel flows at altit udes above 35 , 000 feet can be attributed 
to the reduction in component effic iencies associated primarily with 
Reynolds number effects . 
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I t is of int erest to not e t hat f or the r ange of altitudes invest i 
gated the corre l ation of engi ne tot a l - temperature rat io plotted as a 
function of cor-.cect ed fuel :f low (fig . B( a )) was better t han the corr e 
lation of either correct ed f uel f low or corrected exhaust-gas temper ature 
plot t ed as functions of corrected engine speed (f i ef! . 6( c ) and 6 (f ), 
respe ctively ). ~Dis phenomenon apparent ly resulted f rom slinultaneous 
reduct i ons in component efficiencles as altitude was increased in that 
the correct ed exhaus t - gas temper at 1.J.re increased wi t h a r eduction in 
compressor efficiency wher eas the cor r ected fuel fl ow i ncreased wi t h a 
r eduction in both compress or fu'1d combustion efficiency . The combined 
effect s of these changes ,,,er e such as to maintain good correlation in 
terms of pumpi ng character isti cs . 

SUMl'1ARY OF RESULTS 

The following r esults wer e obtained from the altitude wind tunnel 
i nvestigation of the J 47D pr ototype (RX1- l) tur bojet engine operating 
with a fixed-ar ea exhaust nozzle at simulated altitudes from 6000 to 
55 , 000 feet for flight Mach number s from O. lB tQ 0 . 71: 

1 . Generalized engine performance data indicated that data obtained 
at a given altitude B...'1d flight M.ach num.ber could be used to predict net 
thr~st f or altitudes up t o 55 , 000 feet at all operable corrected engine 
speeds . Air flow could be predicted i-lith reasonable accuracy for 
alt itudes up to 45 , 000 feet over most of the corrected engine speed 
range . Per formance variables dependent on fuel f l ow could be predicted 
for altit udes up t o 35 , 000 fee t with minimum error at bigh corrected 
engine speeds . 

2 . r.com engine pumpi ng characteristics obtained at a given altitude 
and fli&~t Mach number, the jet tbrust and specific fuel consmnption 
cou.ld be predicted within the f ollowing r ange s of operat ion conditions : 
altitudes up to 25 , 000 feet at flight Mach numbers from 0.18 to 0 . 71 
and engine t otal- temperature ratios above 2 .30; altitudes up to 
25 , 000 feet at flight Mach numbers from 0 . 51 to 0 . 71 and engine total
temperature ratios above 2 . 00 ; and altitudes up to 35,000 feet at a 
flie;ht .1'11ach number of 0 . 18 and engine total- temperature ratios above 2 . BO . 

3 . Minimum s"gecific fue l consumption of 1.05 was obtained at engine 
speed of aboilt 6600 rpm at altitudes from 6000 to 35,000 feet at a flight 
Nach number of 0 . 18. An increase in flight Mach numbers from 0.18 to 
0 . 71 at an altitude of 25 , 000 feet increased the minimum specific fu.el 
consumption from 1. 05 to 1. 27 , which "lere obtained at engine speeds of 
6600 and 7300 r pm, res "gectively . I 
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4 . At high engine speeds, an increase in altitude increased the 
exha~st -gas temperature , indicating a reduction in temperature-limited 
engine speed and the need for a variable-area exhaust nozzle for 
o'peration at rated engine speed at high altitudes a..l1d low flight Mach 
numbers. 

Lewis Flight Propulsion Laboratory, 
National Advisory Committee for Aeronautics, 

Cleveland, Ohio. 

CONFIDENTIAL 

9 



10 CONFIDENTIAL NACA RM E5lB06 

APPEJI.'DIX A 

SYMBOLS 

The following symbols were used on the figures and calculations: 

A cross -sectional area, s~ ft 

B thrust scale reading, lb 

Cj exhaus~ -nozzle jet coefficient 

CT ratio of hot exhaust -nozzle area to cold exhaust-nozzle area 

D external drag of installation, lb 

Dr exhaust -nozzle tai l -rake drag, lb 

F j jet thrust, lb 

Fn net thrust, lb 

f/a fuel-air ratio 

g acceleration due to gravit y , 32 . 2 ft/sec2 

P total pressure , lb/s ~ ft absolute 

p static pressure, lb/s~ ft absolute 

NO f light Mach number 

N engine speed , rpm 

R gas constant, 53 . 3 ft -lb/(lb)(on) 

T total temperature, ~ 

Ti i ndicated temperature, on 

t static temperature, on 
V velocity , ft/sec 

Wa air flow , lb/sec 
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Wf fuel flow, lb/hr 

~ Wr/Fn specific fuel consumption, lb/(hr)(lb net thrust) 
o 
CD 

r ratio of specific heats 

5 ratio of tunnel static pr essure ( PO) to the absolute static 
pressure of NACA standard atmosphere at sea level 

Oa r atio of tunnel static pr essure ( PO ) to the absolute static 
pressure of NACA s tandard altitude 

ratio of total pressure at compress or inlet to absolute static 
pressure of NACA standard atmosphere at sea level 

e ratio of absolute equivalent ambient static temperature to 
absolute static temperature of NACA standard atmosphere at 
sea level 

ratio of absolute equivalent ambient static temperature to 
abs olute static temperature of NACA standard altitude 

ratio of absolute total temperattITe at compressor inlet to 
absolute static temperature of NACA standard atmosphere at 
sea level 

Subscripts : 

o free air stream 

1 engine inlet 

6 t urbine outlet 

7 I - in. upstream of exhaust -nozzle outlet 

e equivalent 

r rake 

s scale 

x inlet duct 6 in . upstream of frictionless slip - j oint flange 

y inlet duct 28~ in . downstream of frictionless slip - joint flange 

CONFIDENTIAL 

11 



12 CONF]])ENTIAL NACA EM E5lB06 

APp~lnX B 

METHODS OF CALCULATION 

Flight Mach number . - The flight Mach number assuming complete 
ram pr essure recovery was computed as 

Temper atur e . - Total temperature was determined by using a 
calibrated thermocouple with impact -recovery factor of 0 . 85 from t he 
indicated temper ature by 

T 

1 + 

It )' - 1 l 
0 . 85 L( ~) y ~ 

Equivalent temperature~ - Equivalent t emper ature was obtained 
from the adiabatic relation of pressures and temperatures, 

Engine air flow. - The engine air flow was determined from 
measurements at the engine inlet (station 1), by 

( 1) 

( 2 ) 

(3 ) 

(4 ) 

Thrus t . - The thrust vTaS obtained from two sources: (1) the balance
scale measD~ements; and (2) t he temperature and the pressure measured at 
the nozzle outlet (station 7) . 
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Jet thrust determined from the balance-scale measurements was 
calculated fro~ the equation 

13 

( 5) 

The drag of the engine installation D was determined with the 
engine inoperative and l-rith a blind flange installed at the engine inlet 
to prevent air flow through the engine. The rake drag Dr was measured 
by a pneumatic balance piston mechanism. The last two terms in 
equation (5) represent the momentum and pressure forces acting on the 
installation at the slip joint in the inlet-air duct. 

The net thrust was obtained by subtracting the equivalent momentum 
of the air at the engine inlet from the jet thrust 

F n,s F. 
J ,s 

w V a,l e 
g 

(6) 

The ideal or rake jet thrust based on a survey at the exhaust-nozzle 
outlet, was obtained from the equation 

(7) 

When the jet velocity is supersonic, that is, the exhaust-nozzle 
pressure ratio P7/PO is greater than 1.85, the static pressure at the 

outlet can be determined from the relation 

(8) 

When the jet velocity is subsonic (P7/PO) < 1.85 and P7 = PO ' then 
equation (7) becomes 

~ 1 -1 J F j,r = 
217 (A7C1,Pol G~) ~7 ( 9) 
17-1 
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TABLE I - ENGINE 

Run Altitude Ram Flight Tu nnel Compressor- Equ iv - Engine Jet Net Engine - Fuel Spe cific 
(ft) pres - Mach ststic inlet alent speed thrust thrust 1n1et flow fuel con-

sure number pressure indicated ambient N Fj , s Fn , s air Wr sumption 
ratio MO Po temperature tempe r - ( r pm) (lb) (lb) floy, (lb/hr) Wr/Fn , s 
P1/ PO (lb/ sq T1 , 1 sture Wa , l ( l b/ (h r) 

ft ab s .) (OR) t e (lb/sec ) ( l b net 
(OR) thrus t) ). 

1 5000 0 . 995 ----- 1755 504 503 7955 -- - - ---- 83 .1 5 5300 ---- -

2 1.022 0 .176 174 9 504 503 7366 - --- ---- 82 . 21 4145 --- --
3 1. 022 .176 1757 594 593 6993 3679 3207 79 . 48 3 405 1. 062 
4 1.022 . 176 1764 500 505 6643 3101 2658 73.40 2900 1.091 
5 1.025 .167 1750 500 503 5944 2166 1762 62.78 2110 1.198 
6 1.027 . 194 1755 505 502 5114 1296 967 49.39 1490 1. 541 
7 1.027 . 194 1753 509 500 4091 640 413 33 . 94 1125 2.724 
8 1 . 028 197 1756 508 504 3147 556 192 24 . 10 855 4. 453 
9 6000 1. 021 0 . 173 1693 528 527 7955 4768 4284 79.92 4 890 1.141 

10 1. 018 .159 1686 509 508 7955 ---- - - -- 81.39 5095 --- --
11 1.020 . 169 1690 508 507 7692 4564 4 096 80 . 89 4505 1.100 
12 1. 020 . 169 1693 505 504 7386 4141 3683 79 .37 3970 1.078 
13 1. 019 . 164 1593 496 494 6993 3635 3209 76 . 58 3390 1 . 031 
14 1 . 021 . 173 1597 492 490 6643 3174 2742 73.35 2930 1 . 009 
15 1 . 023 . 180 1693 494 492 59 44 2169 1791 62 . 11 2115 1 . 1 81 
16 1.026 . 1 90 1690 503 500 5114 1280 962 48.48 1475 1. 533 
17 1.028 . 1n 1686 501 498 4098 1653 422 34 . 17 1115 2 . 642 
18 1.026 . 1 90 1697 502 498 3147 332 178 23 . 51 855 4 . 803 
19 1. 028 .1 97 1690 494 490 2000 121 27 14 . 03 508 18 . 810. 
20 15,000 1. 019 0 . 164 11 66 464 463 7825 37C2 3437 60 . 35 3915 1 . 139 
21 1.020 . 169 1190 470 469 7800 3700 3367 59 . 83 3775 1 . 121 
22 1. 018 .1 59 1191 473 473 7692 3489 3173 59 . 66 3455 1. 092 
23 1.021 .1 73 11 90 473 4 72 7386 3142 2808 58 . 36 2970 1. 058 
24 1. 020 . 169 1193 472 470 6993 2717 2402 56 .4 7 2500 1.041 
25 1.023 .180 1190 474 472 66 43 2366 2045 53 . 70 2150 1.051 
26 1. 024 . 183 1190 473 471 5944 1633 1355 45 . 50 1570 1.159 
27 1. 029 . 201 1189 476 472 511 4 969 725 36 .4 5 1080 1 . 490 
28 1. 027 . 194 1191 476 472 4091 473 313 24 . 75 820 2 . 620 
29 1. 031 . 207 1181 477 473 3147 267 16 0 15 . 33 667 4 . 159 
30 1.028 .197 1204 473 469 1750 48 - 19 1 0 . 22 330 -----
31 1.191 . 509 1191 498 476 7955 4500 3357 68 . 30 4310 1 . 284 
32 1.165 . 500 1197 499 477 7692 4078 2956 67 . 54 3680 1. 24 5 
33 1.192 . 509 1195 500 4 77 7386 3655 2545 65 . 76 3155 1.240 
34 1.194 . 510 1190 493 470 6993 3198 2134 63 . 19 2705 1 . 3 2 1 
35 1.191 . 509 1188 493 47 0 6643 2749 1749 59 . 82 2275 1.301 
36 25 , 000 1 . 022 0 .1 76 778 460 459 7875 2512 2283 39 . 85 2690 1.178 
37 1. 023 . 100 777 459 458 7692 2343 2113 39 . 22 2 460 1.164 
38 1. 021 173 778 4 59 458 7386 2118 1901 38.49 2125 1.118 
39 1 . 022 .176 778 460 4 58 6993 1812 1599 37 . 10 1764 1.103 
40 1.022 . 176 781 457 455 6643 1576 1369 36 . 12 1.536 1.122 
41 1. 022 .176 779 4 54 452 5944 1119 940 31 . 35 1113 1.184 
42 1.027 . 194 781 455 452 511 4 554 495 25 . 21 796 1.608 
43 1.026 . 190 778 4 54 451 4091 299 192 17 . 18 638 3 . 323 
44 1.031 . 207 781 4 58 454 3147 147 70 11 . 3 2 521 7 . 443 
45 1.028 . 197 781 454 460 2046 39 - 15 8 . 27 302 -----
46 1.168 . 500 786 457 437 7900 3239 2483 47 . 19 3225 1.299 
47 1.196 .511 781 454 433 7692 3015 2256 46 . 83 2845 1 . 261 
48 1.192 . 509 781 4 55 43 5 7386 2719 1 980 45 . 81 24 4 0 1.232 
49 1.190 . 508 779 455 434 6993 2324 1614 44 .30 1985 1 . 230 
50 1 . 192 . 509 778 4 54 433 6643 2024 1326 43 . 36 1656 1 . 249 
51 1.196 . 511 781 455 433 5944 137 5 767 37 . 44 11]3 1.451 
52 1 . 201 . 521 781 4 57 434 5114 791 300 29 . 82 676 2 . 253 
53 1.200 . 52€ 778 4 57 433 4 091 360 15 20 . 75 482 32 .130 
54 1 . 399 . 711 777 468 427 7900 3880 26€0 54 . 57 3470 1 . 305 
55 1.399 .71 1 777 468 427 7692 3659 24 54 53 . 94 3175 1.294 
56 1.399 . 711 781 468 427 7386 3360 2168 53 . 35 2720 1.2 55 
57 1.395 . 709 178 467 425 6993 2900 1771 50.66 2220 1. 254 
58 1.409 . 719 777 470 427 6643 2522 1419 48 . 83 1855 1.307 
59 1.403 .716 781 471 428 5944 1674 723 42 . 30 11 05 1.528 
60 1 . 409 . 719 778 468 425 5914 1646 689 42 . 43 1094 1 . 588 
61 1.408 . 719 781 472 428 460~ 604 - 55 29 . 18 420 -----
62 35 , 000 1 ~ . 018 0 . 159 496 441 441 7750 1586 1456 25 .42 1786 1.227 
63 1.018 . 159 494 441 441 7692 1588 1459 25 . 29 1741 1.193 
64 1.022 . 176 496 44 1 440 7386 1403 1261 25 . 22 1429 1.133 
65 1. 018 . 1 59 495 441 44 0 6993 1228 1100 23 . 87 1184 1. 071 
66 1. 018 . 159 499 44 5 444 6643 1001 942 23 . 29 1003 1.005 
67 4 5 , 000 11. 023 0 . 180 304 437 435 7525 958 869 15 . 55 1008 1 . 229 
68 1.030 . 205 303 443 44 1 7550 956 852 15 .75 1098 1.289 
69. 1. 030 . 205 303 444 44 1 7500 937 835 15 . 48 1048 1.255 
70 1.020 . 169 303 4.38 43 7 7383 877 797 14 . 86 979 1.220 
?l 1.033 . 216 303 44 2 439 7386 894 787 15.57 962 1 . g22 
72 1 . 026 . 190 303 441 439 6993 750 658 14 . 94 796 1 . 210 
73 1.023 . 183 3 00 44 0 439 6643 682 600 14 . 35 701 1.168 
74 1. 023 .180 299 44 0 438 6500 627 548 13 . 76 680 1.241 
75 1. 029 . 200 308 440 437 6294 - --- ---- 14 .10 624 --- - -
76 1.026 . 190 310 44 0 438 59 44 462 383 12 . 96 557 1.454 
77 1. 033 . 216 300 44 0 437 54 55 346 266 11.96 490 1.842 
78 1. 029 .200 ~oo 44 0 436 5114 275 208 10 . 40 454 2 . 183 
79 1.032 . 211 310 44 0 436 4545 170 119 7. 50 431 3 . 622 
80 1. 023 . 183 303 44 0 437 3977 123 85 6 . 55 454 5 . 341 
81 55 , 000 1.027 0 . 192 185 436 434 7386 ~~ !~i 9 . 6 4 682 1.400 
82 1. 038 . 228 183 438 434 7343 9 . 32 640 1.359 
83 1 . 038 . 228 185 437 433 6993 481 413 9 . 34 560 1.356 
84 1 . 031 .210 191 437 434 6643 428 369 8 . 85 527 1 .428 
85 1.042 . 242 189 438 434 6250 363 295 8 . 81 48€ 1.64 7 

aCalcu la ted values . 
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PER FORMANC E DATA 

Fue1 - Exhaust - Turblne -
air gas outlet 

ratio total to ta l 
ria tempera - pr essure 

ture , T7 P6 
(OR ) (lb/.q 

rt ab • • ) 

0 . 01 7 7 ---- 3559 
. 0140 ---- 3262 
. 0 121 ---- 3006 
. 0110 1299 2809 
. 0 093 1165 24 28 
. 0 08 4 1092 2 153 
. 0092 1141 195 3 
. 0099 117 5 186 7 

0 . 0 170 ---- 3391 
.. 0 1 '7 4 ---- 3 462 
. 01 5 5 1633 3273 
. 0139 1513 3145 
. 0123 1395 2942 
. 01 11 130 3 2759 
. 0095 1158 2387 
. 0085 1094 20 90 
. 0091 1122 1884 
. 0101 1159 1798 
. 0101 10 70 1741 

0 . 01 80 1722 2581 
. 0175 --- - 2535 
. 01 61 1 623 2 448 
. 0141 1482 230 7 
. 0123 1359 2132 
. 0111 1 27 9 2001 
. 0096 ll2!"> 1744 
. 0082 10 44 150 9 
. 0092 107 9 1349 
. 0121 1108 1268 
. 00 90 971 1229 
. 0175 1732 2889 
. 0 151 1591 2716 
. 01~3 1470 2540 
. 01l9 1355 2360 
. 010 6 1256 2165 o:m: 1727 170 7 

1643 1646 
. 01 53 1520 1562 
. 0 132 139 1 1444 
. 0118 1300 1352 
. 0099 1118 1171 
. 0088 1011 1003 
. 0 103 1050 890 
. 0128 1069 8 44 
. 0 101 1077 804 
. 0 190 1740 2026 
. 0169 1630 1928 
. 0148 1488 1600 
. 012 4- 1341 1647 
. 0 106 1240 15 11 
. 0083 1020 126 2 
. 0063 864 10 40 
. 0065 809 90 2 
. 0177 1707 2291 
. 01 63 1623 2 198 
. 0142 1464 2063 
. 0121 p37 1863 
. 0 106 1 235 1721 
. 0073 979 1379 
. 0072 965 1383 
. 0040 712 983 

0 . 01 95 1757 i~~~ . 0191 1730 
. 0157 15 29 1016 
. 0138 1396 931 
. 0120 129 3 888 
. U1 9 1 1725 ob\l 
. 0193 1734 - ---
. 0188 1710 ----
. 0183 1635 6 3 1 
. 0171 1632 ----
. 014 8 1463 ----
. 0 135 1346 - - --
. 0137 1318 512 
. 0123 --- - ----
. 0 119 1159 - ---
. 0116 10 91 -- --
. 0 121 1049 ----
. 0160 1086 - ---
. 01 93 1159 ----

0.0196 1739 ----
. 01 91 1677 -- ... -
. 0 167 1532 ----
. 0166 1413 ----
. 01 53 1 293 ----

Correc - Correc -
ted ted net 

engine thrust 
speed Fn , . / & 
N/ ,ye (lb ) 
( r pm) 

---- - ---
750 4 ----
710 5 386 1 
6736 31 90 
6 039 2130 
5201 1166 
4144 498 
3194 231 
78 95 5355 
8043 ----
77 6 4 51 28 
7497 46 04 
7168 40 11 
683 6 341 9 
6 10 4 2239 
5211 120 4 
41 84 530 
3 213 222 
2058 34 
8287 6 132 
820 6 5987 
8054 5638 
7748 4993 
7 350 426 1 
6969 3636 
6241 2409 
5365 1291 
4291 556 
3 295 287 
16 41 -- --
8305 5965 
8023 5226 
7704 4507 
7350 3794 
6982 3115. 
8371 6 210 
818 4 5754 
7859 5171 
7441 4349 
7095 3 709 
6366 2553 
5 477 13 41 
4390 522 
3364 1 90 
21 73 ----
8611 6684 
8423 6112 
8066 5364 
7650 4384 
7 274 36 0 7 
6509 2078 
5595 813 
44 80 41 
8706 7243 
8 47 7 6682 
8139 587 3 
7727 4817 
7321 3864 
6544 1959 
6535 1874 
5065 ----
640 9 6 211 
8346 624 9 
8 0 21 5379 
75 94 4728 
718 1 399 4 = = 8138 5815 
8051 5565 
8029 5 481 
7601 4582 
7234 4149 
7079 3878 
6860 ----
6473 2614 
5946 18 39 
557 9 1438 
4959 81 2 
4335 592 
8080 5519 
8033 5445 
7657 4725 
7267 4089 
6838 3304 
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Corr e c ted Corre c ted Corrected Cor rec - Correc ted Eng ine !:ngin Rue 
englne - fuel flow specific te d exnaust - tota 1 - total 
inlet Wf;a 4Q fuel can - fue1 - gas total pr es - tam -

air flow ( lb/ hr ) sumption air tempera - sure pera -

Wa 1 ,,>%/6 W f / Fn .'119 r a tio ture ratiO ture 

(ib;'e c ) P-b/ (hr I (lb 
(f/a )/ Q T7/ Q P7/ P1 ratio 

net t hru.t) (oH) T7/ Tl 

- ---- ---- ----- ------ ---- 1 . 962 ----- 1 
97 . 91 5096 ----- 0 . 014 5 ---- 1. 761 -- --- 2 
9 3 . 00 4165 1 . 079 . 0 124 ---- 1. 61 9 ----- 3 
86 . 86 3529 1.10 6 . 0 113 1336 1. 508 2 . 557 4 
"14 . 71 2591 1. 217 . 0096 120 2 1 . 317 2 . 298 5 
58 . 5 "1 18 26 1 . 567 . 0087 1129 1.178 2 . 158 6 
40 . 44 137 5 2 . 759 . 0094 1171 1. 081 2-. 237 7 
28 . 6 1 10 45 4 . 520 . 0 102 1210 1.0 3 5 2 . 313 8 

100 . 70 6066 1.133 0 . 01 67 ---- 1 . 867 ----- 9 
101. 00 6464 -- --- . 0178 ---- 1. 938 ---- - 10 
100 . 10 57 08 1.113 . 01 5b 1671 1. B4 tl 3 . 203 11 

9 '1. 7 5 5036 1. 094 . 0 14 3 1558 1.760 2 . 984 1 2 
93 . 39 434 3 1. 083 . 0123 1466 1. 65 1 2 . 807 13 
88 . 90 3759 1.100 . 0 117 1380 1 . 5 46 2 . 6 43 14 
75 . 60 271 5 1 . 213 . 0100 1220 1. 346 2 .33 9 15 
59 . 57 1&81 1. 56 2 . 0088 1135 1. 187 2 . 171 16 
42 . 00 1428 2 . 698 . 0094 1169 1. 084 2 . 235 17 
28 . 71 1088 4 . 904 . 0105 1208 1. 032 2 . 309 18 
17 . 0 7 65 4 19.360 . 0101 113 3 1. 002 2 . 166 19 

101. 6 7 73 96 1.206 0 . 0202 1 930 2 . 0 38 3. 695 20 
101.12 7061 1.17 9 . 0 194 ---- 1. 988 ----- 2 1 
1 01. 26 6446 1.143 . 01'17 1781 1. 93 9 3 . 417 2 2 

98 . 92 5540 1.110 . 0156 16 30 1. 826 3 . 120 23 
95 . ~2 4661 1. 094 . 01~6 1 500 1 . 688 2 . 873 2 4 
91. 02 4010 1.103 . 0122 140 6 1.588 2 . 693 25 
7 '1 . 2 2 2 93 1 1. 217 . 0105 1246 1. 390 2 . 3<32 26 
61. 8 5 20 13 1. 563 . 009l 1148 1. 21 2 2 . 193 27 
41. 93 1528 2 . '1 48 . 0101 1187 1. 095 2 . 26 7 28 
26 . 2 4 1251 4 . 365 . 0133 1 215 1. 039 2 . 323 29 
17 . 07 6 10 - ---- . 0099 1075 . 992 2 . 053 30 

ll6 . 30 1996 1 . 340 . 0 191 1888 1. 9 47 3 . 46 4 31 
1 14 . 50 67d6 1. 298 . 0165 1731 1. 8 46 3 . 176 32 
111. '10 5828 1.293 . 014 5 1600 1. 723 2 . 928 3 3 
106 . 90 5054 1. 332 . 0131 14 95 1. 605 2 .743 34 
101.40 4259 1. 367 . 0117 1386 1. 482 2 . 543 35 
102 . 00 7778 1. 25~ U. 021 2 1955 2 . 057 3 .738 36 
100 . 40 71 28 1.239 . 0197 1 860 1. 991 3 . 56 4 37 

98 . 40 6150 1.189 . 0 17 4 1722 1. 901 3 . 297 38 
9 4 . 8 4 5105 1.174 . 01 50 1576 1. 162 3 . 0 17 39 
91.62 4444 1.198 . 0135 148 4 1. 6 44 2.838 40 
79 . 50 3238 1. 268 . 0 113 12<34 1. 431 2 . 457 41 
63 . 77 2309 1. 722 . 0101 1160 1 . 227 2 . 222 4 2 
43 . 55 186 2 3 . 565 . 0119 1209 1. 107 2 . 3 1~ 43 
28 . 69 1508 7 . 956 . 0146 1222 1. 047 2 . 334 44 
21 . 10 869 ----- . 0 114 12 15 1. 001 2 . 321 45 

116 . 50 9 463 1.416 . 02 26 2068 2 . 078 ~ . '1 91 46 
115 . 90 8439 1. 381 . 0202 1955 1. 976 ;; . 575 47 
113 . 60 7218 1. 346 . 0177 177 5 1. 873 3 . 256 48 
110 . 00 5898 1. 345 . 01 43 1604 1. 725 2 . 941 49 
10 7 . 70 4932 1.368 . 0127 1 486 1. 578 2 . 725 50 

92 . 6 3 330 1 1. 589 . 00 99 1223 1. 316 

1

2

•

231 51 
'13 . 8 4 20 03 2 . 465 . 0075 1034 . 1 . 093 1. 891 52 
51.54 1436 3 5 .190 . 0077 970 . 953 1 . 770 53 

134 . 84 10 412 1.438 . 0215 2074 2 . 011 3 . 632 5 4 
133 . 28 9527 1.426 . 0199 1972 1. 936 3 . 453 55 
131.15 8120 1.383 . 0172 1802 1. 8 12 3 . 15 7 56 
125 . 19 667 2 1. 385 . 0148 1676 1 . 663 1 2 '. 857 5 7 
120 . 66 5 566 1.441 . 01 28 1500 1. 514 2 .622 58 
10 4 . 08 3295 1. 683 . 0088 1188 1. 215 2 . 0 74 59 
10 4 . 44 3287 1.755 . 0087 1178 1. 214 2 . 058 60 

71. 80 1252 ----- . 0048 864 . 87 8 1 . 508 61 
99 . 95 '~~~1 1.331 0 . 02:10 2070 2.105 3 . 966 62 
99 . 83 1. 295 . 0225 203 6 2 . 087 3 . 905 63 
99 . 07 6620 1. 231 . 0 166 1805 1 . 931 3 . 451 64 
93 . 96 5497 1.163 . 0 163 164 '7 1 . 784 3 .158 65 
91. 35 45 97 1.151 . 0 140 1511 1. 683 2 . 899 66 

1~~ : ~~ ~~~~ 
1 . ;>41 u . 0227 2052 2 . 026 3 . 929 67 
1. 398 . 0228 20 41 2 . 035 3 . 897 68 

9 9 . 3 6 7918 1. 362 . 0221 2012 8 2 . 010 3. 843 69 
95 . 20 7 452 1.339 . 0217 19 43 1. 961 3 . 724 70 
99 . 7 5 7282 1. 329 . 0203 193 2 a1. 955 '3 . 684 ?l 
95 . 71 602 5 1. 315 . 0 175 1730 81. 791 3 . 3 10 72 
91 . 12 5278 1. 272 . 016 1 1595 81. 684 3 . 052 73 
89 . 4 2 52 41 1. 354 . 0 163 1 561 1 . 6 0 1 2 . 9 89 74 
88 . 87 4673 ----- . 0 146 --- - -- -- - ----- 7 5 
81. 2 4 4140 1. 584 . 0141 1374 81. 431 2 . 628 76 
74 . 16 36 9 3 2 . 008 . 0138 1 285 81. 307 2 . 474 77 
65 . 92 3425 2 . 381 . 0144 1248 81. 213 2 . 384 78 
46 . 92 3210 3 . 951 . 0190 1294 al. 069 2 . 468 79 
41. 85 3 447 5 . 82 2 . 0 229 1377 al.135 2 .63 4 80 

l1D0 . 28 8491 1. 538 0 . 0235 2080 -a2. 016 3 . 9 79 80 
98.48 8093 1.487 . 0228 2008 81. 963 3 . 820 81 
97 . 58 7015 1.485 . 0200 1836 a1 . 607 3 . 498 82 
89 .63 6388 1. 562 : g~;: i~~~ al.721 3 . 2 26 ~; 90 .19 5955 . 80? a '.M" ? ~'S 
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Figure 1. - The J47D (RX1-l) turbojet engine insta lled in test section of altitude wind tunnel . 
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Station x , 6" upstream 
of slip j oint 

Air flow ~ 

Slip joint 

\ 

1, engine 

r Station 2, 
compr essor 
inlet 

~Station 3 , compressor 
\ outlet 

Station 4, turbine 
inlet

l 

Station 
of slip 

y , ( 28~" 
joint ) 4 

downstream Combustor 

Station Total- Static- Wall Thermo- I 

pressure pressure static couples : 
tubes tubes orifices ! 

x 0 0 4 0 
Y 1 2 4 2 
1 32 8 5 4 
2 6 0 2 0 
3 20 0 4 6 
4 5 0 0 0 
5 5 0 0 0 
6 30 0 4 24 
7 22 3 4 10 

2108 

jstation 5 , turbine outlet 

r Stat i on 6, tp,rbine i Station 7 , 
outlet (13 l: aft exhaust-
of flange f~ce ) nozzle 

outlet 

Turbine 

~ 

(I" up
stream of 
~utlet) 

Figure 2 . - Cross section of engine showing location of instrumentation. 
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Figure 3 . - Varia tion of exhaust - nozzle jet coefficient with exhaust -nozzle pressure ratio . 
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Figure 4 . - Effect of altitude on variation of engine performance 
with engine speed . 
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Figure 4 . - Continue d . Effect of al t i tude on va r i at i on of eng ine 
performance with engin~ speed . 
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Figure 8. - Concluded. Variation of engine total-temperature ratjo 
and total-pressure ratio with corrected fuel flow . 
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